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FATIGUE AND THR EXPERIMENTAl. PATHOLGOY OF THE HEART

Fiziologiys nervoy'h Docent Y. V. Frol 'kis,
protsesscv (Puysiology Department of Normal
of Nsrve Procossas;, Physiology, Kiev Medical
1955, Kiev, Tajeg 100-405% Irstitute imsni

A. A, Bogomolets

The history of research intu the processes of fatijue and
recovery is a striking example of the fruitfulness of the major
directions followed by physiology in our country, and of the im-
portanco of correct views on methodology in the solution of prob-

lems of physiology.

‘Bven 1u'tho period when wetaphysical "theories” of fatigue
-~ exhaustion, oppression, revulsion, etc -~ had the field to
tuemselves abroad, the work of our scientists was churacterized
by orderly. physiolccical analysis and synthesis in the study of

iatigue as a complex, complicated and integrated phenonenon,

A decisive irrlueprce on the study of the processes ol ’

fatijue was exercis :d by the founders of physiolcsy in our

country -~ 1. M. Srcaenov, 1, P, Pavlov, and N, E. Vvedenskiy.

Evan in um . his early works, "Nitroyen Balance in the
Submaxilliary Salivs y Gland During Work," Pavlov indicated with
particular force tl  lnterrelation between the processes of fa-

tigue and recovery,

I1f experimental studies of fatigue are now very numerous,
and tho manifestations of fatizue woll known, the nature and
specifics of the procenses of recovery have nevertholess not at-

tracted the attention of researchors they should have.
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The thoughts and concepts of I. P. Pavlov on the interrola-
tiu beiwesn the processes of fatigue, recovery, and inhibition
were subsequently further elaborated and aexperimentally develuped

in the work uf G. V. Pol'bort and his assocliates.

The basic method used in -0l 'bort‘s work 18 the study of
changes 1n the work capacity (efficiency) of organs ae tho result
of theo dynsulc interrelation uf the processes of fatigue and ro-
covery. This concept of change in the functional capacity of an
or,an as the result of the unity and struggleo between opposing
processes raprasents applicaticn of the dialecticel method to the

study of natural phenomena.

As the normal functioning of an organ is based on a 3pe-
cific interrelation among physiovlopical processes, it followa, in
accordance with the views cf I. P, Pavlov, that any significant
disturbance in thesv relattions may result in the developoent of &
pathoivgical condition. Activity of extrsordinary intensity, and
pronourced predominance of fatigue over the processes of recovery,

may result in functional insufficioncy and patholoygical change.

Prom this it 1s clear that elaboration of the problems of
interrelation between the processes of fatigue and recovery lead
tn the direction of the discovery of the mechanisms and causes of
the development of tunctional insufficiency, Aand, consequentiy, Lo
the elimination thereof. Seen from this angle, G. V. Fol'bori's
concaept takes on ﬁignifleanco for genoranl patholugy and practical

magdicine.

The role of changes in the interrelation between fatijue

and recovery in the development of pathological clanyes omer;es
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with particular clarity whon applied to the functioning uf the

heart.

Cardiac muscle fatigue finds its origin in a variety ol
faetors. It pay develcp ac the result of a marked rise of long
duration in resistance to the flow of blood ejeocted by the heart,
of marked incrense of long duration ian diastolic £f11ling, or

marked tachycardia of long duration.

Many ascribe the development of compensatory mechanisms in
cardiac fatigue solely to changes in the pulso volume, 1n connec-
tion with eardiac filling. By Starling's "law of the neart,” we
know that the energy set freo at each contraction is proporticnal
to the length of the heart's fibors before contraction, i.e., to
the degree of diastolic expansion,. Rossler and Unna, employing
cardio-pulnonary nmatter to study change in cardiac cavity clagtic-
ity and pressure with the pericardiun closed and open, believe
that the pericardium restricts expangion of the heart, and specif-

ically of the right auricle.

According to Starling, increased £i1ling requires the fa-
tigued heart to expand considerably more than usual to increase

the pulse volume.

The "law of the henrt” is also widely employed by clinicians

to explain its adaptive reactions in fatigue.

It is necesssary to point to the fact that Starling's "law
of the heart” has but exceedingly relative validity both in ihe
normpl state and in pathology. It is not wochanical poculiarities

of the filling of the heart, but the intensity of trophic processos,
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the interrelation betweon fatigue and recovery, and reflex effocts
which dotermine the state of the contractive capacity of the myo-

cardiux &t n given wouent.

This is attested by the experiments of 1. P, Pavlov in in-

vestigating the effect of the accelerating nerve on the heart,

Contractious waere observed to increcase without chaunge in rhythm,
the volume of the heart declining. Nikolayev holds that cardiac
glucosides strengthen and shorten the systole, while the volume of
the heart decreasss. Kurshakov and Ratner have noted a shortening

of the diastole in cardioc fatigue.

Jur experiments testify to the fact that the level at which
trophic processos proceed -~ the interrelation between fatigue and
recovery -- is the decisive factor in changing the contractile

capacity of the myocardiun, rather than f1lling.

We have domonstrated in oxperiments with the arrested hearts

.

of rabbits and frogs that the level of contraction declines sharply
in significant diastolic filling when raythn is very slow. Identi-
cal results have been obtained in experiments with isolaied stirips

from the ventricles of rabbits and frogs. Here the factor of diaa-

tolic filling is completely eliminnted.

Reduction in the maguitude of cardiac contrastion when the

Rt e B e - e, _ R

rhythm has been markedly slowed may be explained in terus of the

concepts of G. V. Fol'bort. Activity and developing fatigue are

R

tho major stimuli of the processes of recovery, A marked slowing

duction of tho intensaity of the procusses 0f recuperation, This

[
1in the rhytha of the heart, weakening 1ts actiivity, results in re-
tow a3 supportod by the fact that any aarked slowing ol tho inyt,..
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of cardisc contractions after fatigue leadz not to decline, but to
elevation of the degree of cardiac contraction. In the given in-
stance, elevation of the cardiac contractions is a result of the
intensity of the recuperative procossos, stimulated by prior fa-

tigua.

Thus, in the case of siguificant diaatolic filling and tho
weakening of the intensity of recuperative processes we witness a

decline in the strength of the contractions.

The experimental findings set forth above have this further
signifiicance in principle. 1In clinical znd experimental work, cases
of contractile myocardial insufficiency due to fatigue are well
xnown. We have subnitted instances of declining cardiac contractile

capacity as a result of the weakening of the recuperative processes.

It is our belief that insufficiency in the contractile ca-
pacity of the myocardium due to weakening in the intensity t;! the
restorative processes is »ot merely an experimental condlition, but

uay be encountered in clinical work.

Training, and the application of luoad cn the cardiovascular
systen in fixed doses, constitute factors sustaining a fixed degree
of intensity in the restorative processes within the heart, this in
turn making the heart more resistant to the demands placod upon it

in the presence cof both normal and pathological statos.

Study of the interrelation between the processes of fatigue
and recovery enabled G. V. Fol'bort to orient hiuself{ in the
mechanism of ihe development of training and chronic exhaustion.

Training (adapts2tion) occurs only when a new load it applied to
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an organ that had rocovered its functicnal state before this ap-
plication, 1If oxhausting activity L repeunted before the attain-

ment of complete recuporation, chronic exhsustion may result.

From the viewpoint of the concepts adduced above, the
nwechanisn of developiwent of hypertrophy may be understood as the
reaction of the myocardium in response to intensive activity of
long duration. At a givon stage the develupment of hypertrophy of
the cardiac muscle is an oxample of intensification of the reator-

ative processss rosulting in morphological changes.

Rich experimental data hes demonstrated the development of
hyperirophy of the cardiac muscle under various conditions requir-
ing intensive cardiac activity which stimulates rostorative proc-

esSges.

Zasetskiy has reported hypertrophy in cats doing intensive
work over a long period of time. Timofcyev has obsairved experi-
mental hypertrophy of the cardiac nmuscle, producing aorctal insuf-
ficiency in dogs. Eisler has reported hypertrophy as a result of
the narrowing of tho aorts in dogs. Drury and wighimaa have pro-
duced hypertrophy {(primarily of the auricle) by creating resistance
through anastomoses of the right carotid artery with the right jug-

ular velin.

The compensatory significanco of cardiac hypertrophy, serv-
ing to uvercome oxistent obstacles in the circulaiory system, con-
tinues for a specific period of time, Maintenance of a load of
unghanging :ntensity changes the relationship hotween the prwe-
esscos of axhaustion and restoration, and leads to chirouic exhaus-
tion and wgakening of cardiac activity. The por~iblility of ox-

Lausting the hypertro hicd teart has beun dewonstraled gxporiacntally
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by Dobroklonskiy, Timafeyev, Duhring, Ritand and Dock, Edsall,

Hunt and Reed, et &l.

The development of exhaustion of cardiac muscle, and re-
duction of the contractile capacity of the wyocardium often con-
stitutes the terainal phase in the clinical picture in many path-
olugical processes in the circulatory system. The significance
of cardiac insufficiency has been repeatedly emphasized by such

prominent Soviet clinicisns as Lang and Strazhesko.

wWe have posed the question of the role of latigue in produc-
ing disturbances in the automatism and conductivity of cardisc mus-
cle. It is ounly recontly that fatigue hus gained the nttention of
researchers and clinicians as o stute leading to disturbances in

these nyocardiac functlons.

Current thinking (Smirnov) holds the heart to be a nonun-
iformly excited system. The lack of uniformity of the departments
of the heart -- the auricular nuscles, the ventricles, the systeum
of innervation -- is expressed in their varying excitability, im-
pulse conductivity, and capacity to function automatically. Ian
considering the effect of losd applied to any portiom of the heart,
the localixation of fatigue will be determined to & considerable
degree by the functionzl lability of the various portions of the

cardiac muscle.

Our first data on the effect of fatigue on tho automatic
functioning of the beart was obtained in studies of cardiac fa-
tigue during investigation of heterotopic automatisu in cowmplete
atrioventricular block. In an experiment with frogs, satrioven-

tricular block was attained by Stannius' ligstwe, while with
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rapblis fo s tiasn.d Ly i1 cctics of chlorslhydrate into the

base of the interauricular diaphragm.

The firat manifestation of the onset of fatigue in the card-
iac ventricles, functioning on the basis of automatic atrioventri-
cular action, is disturbance in rhythu against a background of
progressive reduction in the frequency of cardiac contractions,
bradyarrythzia. In profound fatigus, the pacomsaker tunctions
intermittently. HKomoval of the load borne by the heart leads to
restoration of the initial ‘requ. ncy of ventriculaer rhythm., The
rapidity with which the normal : ythm of vontricular contractiun
i8 rostorwd is determined by th( depth and spsed with which the
prior {atigue has developed. In otaer wo~ds, wo see in the change
of tha function of automatigm a demonstration of the general
principles gaverning the interrelation betwesn the processes of

fatigue and rastorat. n,

The special features of change in &frioventricular rhythn
w...ch we have described -- irregulnr retardation and periodic
activity —-- are apparently common to other organs with automatic
functions. Wy know, [ r example, of uneven slowing, and inter-
mittent function, in the respiratury center and the ureter, under

unfavorable conditions.

Clinic.ans udduce instances in which the onset of unarked
retardaiion in w. riove itricular -uythm when complete block iz
de finitely er. v iished leads @ cardiac syncope of the Adams-Stokes
typo (Bel'skiy, Strazhc. <o, Lewis, Davydov, Mackenzie, Zolenin, otc).
Th+: character .* the di-turbanc. .n rhythm and ths conditions under
wi.ich 1t ariser are excuedingly +.ailar to the changes wo havo

Jre oo ibed,
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Tha exporiments wo have adduced represent an experimental
model of the clinical cases of disturbances in atrioventricular
rhythm that have beer des.ribed, in which exhaustion of cardiac

muscle plays & rola of no little importanco.

Fatigue of cardiac structures involved in the autosatic
operation of the heart wmay also occur under relatively isolated
conditions., We have demonstrated this in changes in the function
of atrinvpairicular autocatism at the momont of ianstitution of
cemplete tlock. It i8 common knowledge that the momont at which a
complete atrioventricular block is estaulished is the moust danger-

ous to ths life of the patient. Tho duration of stoppage of vent-

autonatic control. At the aowent under consideration, the atrio-
ventricalar node emerges from the state produced by the effect of
the excitatory impulses fr¢ the sinus node. A frequent rhythm of
excitation from the 3inus node may result in fatigue in the atrio-
ventricular node, which wou!i manifest itself in bradyarrythmia at

the moment when complete biiuck sets in. In this situaticn cxhaus-

fum gt1ll exercises its nos; 41 contractile capacity.

Vvedenskiy proposed . new concept and provided a concrete
characterization on the basis of which it {8 possible to evaluate
the manner and direction of change in the current functional state

of an orgin: its lability. According to Vvedenskiy, lability is

determined by the number uf excitations reproduced by tissue in
unit time, We have demonstrated experimentally that functional
lability in {atigue changes to different deygrees in difforont

portions of the heart, that of the atrioventricular node showing
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ricular function dopends upon the operation of the atrioveontricular

tion of the function of un - wtic control sets in while the myocard-

)
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gsreatest devi.ne. lnsofar «s ihe conductiivity ol ikpulses botwoeh
the auricles and the ventricles is soverned by the atrioveniricular
wode, it is understandable that in exhaugtion of the cardiac nusclo
as a result of reduction in the lability of the atrioveniricular
node we were witness to the phenomonon of incomplete block., Chera-
ojorov, Puymer, and cthers hold that atrioventr cular olock is
parabiotic in nature. It is apparent that fatigue, reducing the
lability of the node, facilitates the development of parabiotic in-

#ibition therein.

Instances of reduction in the lability of the atrioventricu-

lar node due to fatigue have been ubserved in clinical pracrice.

It is comoon knowledge that disturbaunce 1in hewodynawna.cs in

cardinc insufficiency is the cause of complex circulatory disorders.

In another series of oxperimonts we have shown that cardiac
fatigue produces reflex effects in its interoreceptors, which
change the functionnl condition of the spinal cord and the respir-
atory center. Thus, the procosses of fatiyue and relovery uay
servo es stimull of the receptor apparatus of the heart, and .ay

offect the activity of other organs by reflex action,

Clearly, the study of cardisc reflexes in cardiac insuf-
ficiency can contribute much to the undersianding ol ihe wechun-

isms of circulatory disturbance.

Further oxposrimental study of cardiac exaauxntiion . one of

tho paths to be followed in creatin; anew acdol concep.s i pathol
vpicnl strtes o the clrculatory sysicn.
1 -
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